A simple ultra sensitive and fairly selective non extractive spectrophotometric method for the determination of copper using 2-nitro-6-(thiazol-2-yldiazenyl) phenol (NTDP) has been developed.. The method is based on the color reaction of copper with NTDP at pH 7.1 buffer. The optimal reaction conditions (e.g., reagent concentration, pH and effect of time and temperature) were studied and the analytical characteristics of the method (e.g., limit of detection, limit of quantification, and linear ranges) were obtained. Linearity was obeyed in the range of 0.1-5.0 µg/mL of copper(II) ion and the detection limit of the method was 3.0 ng/mL. The relative standard deviation (RSD) and relative error for six replicate measurements of 2.0 µg/mL Cu(II) were 0.76 % and 1.34 %, respectively. The interference effect of some anions and cations was also tested. The method was applied to the determination of copper(II) in water samples.
INTRODUCTION
The essential trace elements are necessary for growth, normal physiological functioning, and maintaining of life. However, the ingestion or inhalation of large dosesmaylead to toxic effects. Trace metals are ubiquitous environmental contaminants and they can be easily taken up by humans, animals, plants, and waters in the environment [1] .
Copper is an essential nutrient for which World Health Organization (WHO) recommends a daily intake of 30 mg per kg body weight [2] . Copper in drinking water can be an important source of dietary copper for humans [3] . A major source of copper in drinking water is corrosion of copper pipes, which can impart a taste to the water [4] [5] [6] . Copper in water may at times exceed health-based standards, resulting in increased potential for flavour changes and health concerns [4] [5] [6] [7] . Drinking water standards have been established to prevent adverse health effects resulting from ingestion of too much copper. WHO recommends a limit of 2.0 mg/L Cu(II) to prevent adverse health effects from copper exposure [2] . WHO guidelines also state that a long-term intake of copper between 1.5 and 3.0 mg/L has no adverse health effects but greater levels than 5 mg/L in water can impart an undesirable bitter taste. The US Environmental Protection Agency (USEPA) developed a health-based action level of 1.3 mg/L Cu in drinking water [8] and an aesthetic-based standard of 1.0 mg/L Cu. Copper above this aesthetic standard level can stain plumbing fixtures and laundry as well as contribute to metallic-or bitter-tasting water [9] . USEPA databases from 2003 [10] identified 471 drinking water systems in violation of the copper healthbased action level of 1.3 mg/L Cu. Recent problems with pinhole leaks (or nonuniform corrosion) in copper pipes have raised awareness and concerns about an increase in copper levels in drinking water [11] . Many techniques i.e. AAS [12] , ICP-AES [13, 14] , voltammetry [15] , spectrophotometry [16] have been reported for the determination of copper. AAS and ICP-AES are most selective and sensitive techniques used for the determination of copper. These techniques, however, are quite expensive and require costly maintenance and skilled hands for operation. Voltammetry is the most sensitive technique but suffers from matrix interference [17, 18] . Various organic and inorganic reagents viz. Phenols [19] , amines [20] [21] [25, 26] , oximate [27] , thioamides [28, 29] , carbonohydrazide [30] and azo [31] [32] [33] compounds have been proposed for the spectrophotometric determination of copper at trace levels. These methods, however, are not entirely suitable due to the involvement of one or more of the following reasons: the tedium involved in the methods, critical pH ranges, poor sensitivity and the problem of matrix interference. Some other reagents like alizarin s-methyl violet-poly(vinyl alcohol) system [34, 35] , 4-(2,3-dihydro-1,4-phthalazinedione-5-triazeno)-azobenzene [36] , 5-Br-PADAP [37] , diphenyl-carbazide [38] The present paper deals with a simple and sensitive method for the field identification and spectrophotometric determination of copper in water samples using 2-nitro-6-(thiazol-2-yldiazenyl) phenol (NTDP).
MATERIALS AND METHODS

Apparatus
WTW digital pH-meter calibrated by standard buffer solutions before each measurement was used. A Ceciel 7200S double beam UV-Visible spectrophotometer equipped with a quartz cell of 10 mm path length was used for the absorption spectra and the absorbance measurements. The distilled modal Baby Steraline produced doubly distilled water. Temperature stabilization was obtained using water bath model Memmert with a temperature range from ambient to 100 ºC.
Preparation of ligand
The ligand, 2-nitro-6-(thiazol-2-yldiazenyl)phenol (NTDP) was prepared according to the procedure reported previously [39] . A solutions of 0.01 mole (10.013 g) of 2-aminothiazol [Sigma (St. Loius, MO, USA)]; was prepared in 1:1 HCl and cooled to -5.0 ºC. to this solution a cold sodium nitrite solution of 0.01 mole (6.903 g) was added and mixed with stirring and kept in an ice bath of -5.0 ºC for 20 min. The cooled diazonium salt solution was used for coupling with cold solution of 0.01 mole onitrophenol in 10 % NaOH. The azo compound formed was kept for 30 min in an ice bath of -5.0 ºC, then filtered off, washed by water and dried. The crude material was recrystallized using dimethylformamide. The chemical structure was confirmed by the elemental analysis, C, H, N, FTIR, and 1 H-NMR spectra.
Chemicals and reagents
All chemicals used were of analytical reagent grade Sigma (St. Loius, MO, USA) and Merck (Darmstadt, Germany). All solutions were prepared with distilled demineralized water. The stock standard copper(II) solution was prepared by dissolving 0.6393 g of copper(II) chloride dehydrate in distilled water and diluting to 250 mL. The solution was standardized titrimetrically by a known method [40] . The method basically depends on the titration of evolving iodine in the presence of starch by the reduction of Cu +2 to Cu + in the mixtures containing iodide and copper(II) salts. The working standard solutions were prepared by suitable dilution of the stock solution. Stock solution of NTDP was prepared by dissolving appropriated weighed amounts of solid reagent in least amount of DMF and competed to the mark in a 100 mL measuring flask. Series of universal buffer solutions of pH = 2.56-12.41, were prepared by following the standard methods [41] .
General procedure
An aliquot of copper(II) standard solution was transferred to a 10 mL, 1.5 mL of the 2.5 mL of 10 −3 M NTDP solution and 1.5 mL buffer solution of pH 7.1 were added. The solution was taken up to the mark with bidistilled water and allowed to stand for 2.0 min in room temperature. The absorbance of the solution was measured at 503 nm. The blank solution was submitted to the same procedure without Cu(II).
Stoichiometric Relationship
The stoichiometric ratios of the complex formed between Cu 2+ ion and NTDP was determined by applying the continuous variation [42] and the molar ratio [43] 
RESULTS AND DISCUSSION
Complex of copper with NTDP in aqueous media has a maximum absorbance at 503 nm (Fig.  1) . The absorption spectrum of the complex shows a maximum absorbance at 503 nm against a reagent blank as the reference. b A = a + bC, where C is the concentration in µg/mL and A is the absorbance units.
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Optimization of the system
To take full advantage of the procedure, the reagent concentrations and reaction conditions must be optimized. Various experimental parameters were studied in order to obtain optimum conditions. These parameters were optimized by setting all parameters to be constant and optimizing one each time.
The effect of pH on the absorbance at a constant concentration of complex was investigated in the range of 2.56-12.41. The absorbance of the Cu(II)-NTDP at 503 nm was studied against the reagent blank. The absorbance was nearly constant in the pH range of 6.5-7.7. Therefore, pH 7.1 was selected as optimal [ Fig. 2] . Moreover the amount of pH 7.1 was studied to select the optimum volume. A 1.5-3.0 mL of pH 7.1 gave the highest absorbance value. Therefore 2.0 mL of pH 7.1 per 10 mL was selected for Effect of time on the reaction procedure was investigated. The results showed that complexation reaction was completed in 2.0 min. Raising the temperature upto 60 ºC has no effect on the complex formation. Mean ± SD (n = 6). b The theoretical values of t-and F-at P = 0.05 are 2.571 and 5.05, respectively.
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Stoichiometric Relationship Stability Constant
The stoichiometric ratio between Cu 2+ ion and NTDP in the formed complex was determined by the continuous variations and molar ratio methods. Job's method of continuous variation of equimolar solutions was employed: a 5.0 × 10 −4 M standard solution of Cu 2+ ion and NTDP, were used. A series of solutions was prepared in which the total volume of Cu 2+ ion and NTDP was kept at 1.0 mL. The absorbance was measured at the optimum wavelength. The results indicate that 1 : 1 (Cu 2+ : NTDP) complex is formed. The stability of the complexes was evaluated. The formation of the complexes was rapid and the orange color was stable at least for 12 h without any change in color intensity and with the maximum absorbance at room temperature. The conditional stability constant of the complex was calculated from the continuous variation data using the Harvey equation [44] . the conditional stability constant was found to be 6.87. 
Selectivity
The effect of different cations and anions on the determination of 2.0 µg/ mL copper by the proposed method was studied. An ion was considered to be an interferent when it caused a variation greater than ± 5.0 % in the absorbance of the sample. For the determination of 2.0 µg/mL Cu(II) by this method, the foreign ions can be tolerated at the levels given in Table 1. NTDP forms stable Table 2 summarizes the analytical characteristics of the optimized method, including regression equation, linear range and limit of detection, and reproducibility. The limit of detection, defined as C L =3S B /m (where C L , S B , and m are the limit of detection, standard deviation of the blank and slope of the calibration graph, respectively), was 3.0 ng/mL. The relative standard deviation (RSD) and relative error for six replicate measurements of 2.0 µg/mL of copper was 0.76% and 1.34% and for 4.0 ng/mL of copper was 1.27% and 1.02%, respectively.
Analytical characteristics
Analytical applications
Aiming to demonstrate the usefulness of the proposed system a set of samples comprising several water samples was analyzed. The system was run using the optimized parameters summarized in Table 2 . The results of sample are shown in Table 3 . Accuracy was assessed by comparing results with these obtained using inductive coupled plasma atomic absorption spectrometry (ICP-AAS). The recoveries are close to 100% and indicate the proposed method was helpful for the determination of copper in the real samples. Applying the paired t-and F-test [45] no significant difference at 95% confidence level was observed.
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CONCLUSION
The proposed procedure gives a simple, very sensitive and low-cost spectrophotometric procedure for determination of copper ion that can be applied to water samples. A comparison between the proposed method with the previously reported methods for determination of copper (Table 4) indicates that this method has a lower detection limit, wider linear range and is a convenient, safe, simple, rapid and inexpensive method for the determination of trace quantities of copper to water samples.
